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Description 
[VOLTAGE REGULATOR APPARATUS] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates generally to a voltage regu- 
lator. More particularly, the present invention relates to a 
voltage regulator apparatus capable of improving the 
transient response of the voltage regulator. 

[0003] Description of the Related Art 

[0004] jo supply a constant voltage from a voltage source to a 

load, a voltage regulator is generally installed between the 
voltage source and the load. 

[0005] FIG. 1 shows a conventional voltage regulator including an 
error amplifier 101 and an NMOS transistor 103. FIG. 2 
shows another conventional voltage regulator including an 
amplifier 105 and a PMOS transistor 107. Both types of 
the foregoing conventional voltage regulators suffer from 
stability problems related to transient response of output 
voltage. As a way to improve the transient response, a ca- 



pacitor is usually installed at the output terminal. How- 
ever, under certain circumstances, for example, when a 
voltage regulator is used for multi-media card (MMC) ap- 
plications, it is not desirable to use such an external ca- 
pacitor for improving the transient response. Where an 
MMC is operated at dual voltage (e.g., 3.3 V and 1.8 V), 
voltage regulators are usually required to provide a stable 
output voltage without the use of an external capacitor. 
Thus, there is a problem to provide a stable output volt- 
age while not using an external capacitor. 
Summary of Invention 

[0006] Accordingly, an object of the present invention is to pro- 
vide a voltage regulator apparatus capable of improving 
the transient response of the output voltage so as to avoid 
the problems related to the use of an external capacitor at 
the output terminal of the voltage regulator. 

[0007] jo achieve the above and other objectives, the invention 
provides a voltage regulator apparatus including a voltage 
regulator, a first transistor, and a second transistor. 
Wherein, the voltage regulator has an output terminal and 
provides an output voltage regulated according to an ex- 
ternal reference voltage. The first transistor has a first 
terminal coupled to the positive terminal of the voltage 



source, a second terminal coupled to a first bias, and a 
third terminal coupled to the output terminal of the volt- 
age regulator. The second transistor has a first terminal 
coupled to the third terminal of the first transistor, a sec- 
ond terminal coupled to a second bias, and a third termi- 
nal coupled to the negative terminal of the voltage source. 
[0008] | n one preferred embodiment of the present invention, the 
voltage regulator includes an error amplifier, a third tran- 
sistor, and a load circuit. The error amplifier has a positive 
input terminal, a negative input terminal, and an output 
terminal, wherein the negative input terminal is for receiv- 
ing a reference voltage. The third transistor has a first ter- 
minal coupled to the positive terminal of the voltage 
source, a second terminal coupled to the output terminal 
of the error amplifier, and a third terminal outputting a 
regulated output voltage. The load circuit is used to divide 
the regulated output voltage, and provide a feedback volt- 
age to the positive terminal of the error amplifier. The 
load circuit includes a first resistor and a second resistor. 
The first resistor has a first terminal to receive the regu- 
lated output voltage, and a second terminal to output the 
feedback voltage to the positive terminal of the error am- 
plifier. The second resistor has a first terminal coupled to 



the second terminal of the first resistor, and a second ter- 
minal coupled to the negative terminal of the voltage 
source. 

[0009] | n one 0 f preferred embodiment of the present invention, 
the third transistor of the voltage regulator apparatus is a 
PMOS transistor. 

[0010] in one preferred embodiment of the present invention, the 
first transistor of the voltage regulator apparatus is an 
NMOS transistor, and the second transistor is a PMOS 
transistor. 

[0011] in one preferred embodiment of the present invention, the 
first bias and the second bias are defined for the first and 
second transistors operating in a sub-threshold region. 

[0012] jo sum up, the voltage regulator apparatus of the present 
invention provides two transistors coupled to the output 
terminal of a conventional voltage regulator so as to im- 
prove transient response of and increase stability of the 
output voltage, and to avoid the use of an external capac- 
itor. 

[0013] ^ is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 



Brief Description of Drawings 

[0014] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0015] FIG. 1 is a circuit diagram showing a conventional voltage 
regulator having an NMOS transistor. 

[0016] FIG. 2 is a circuit diagram showing a conventional voltage 
regulator apparatus having a PMOS transistor. 

[0017] FIG. 3 is a circuit diagram showing a voltage regulator ap- 
paratus according to a preferred embodiment of the 
present invention. 

[0018] FIG. 4 is diagram schematically showing a waveform of 
electric current response of a simulating load. 

[0019] FIG. 5 is a graph comparing waveforms of transient re- 
sponses of output voltage when the simulating load 
changes under the situations of using a conventional volt- 
age regulator versus using a voltage regulator apparatus 
according to a preferred embodiment of the present in- 
vention. 
Detailed Description 



[0020] Reference will now be made in detail to the preferred em- 
bodiments of the invention, examples of which are illus- 
trated in the accompanying drawings. 

[0021] FIG. 3 is a circuit diagram showing a voltage regulator ap- 
paratus according to a preferred embodiment of the 
present invention. In this preferred embodiment, a con- 
ventional voltage regulator 50 is provided, and a first 
transistor 60 and a second transistor 70 are coupled to 
the output terminal of the voltage regulator 50, so as to 
improve the transient response of output voltage. 

[0022] The conventional voltage regulator 50, after receiving a 
reference voltage Vref via a negative terminal of an error 
amplifier 10, provides an output voltage, and, after pass- 
ing a third transistor 20 and a load circuit 30, provides a 
regulated output voltage Vout at the output terminal 40, 
and simultaneously feedbacks a feedback voltage to the 
positive terminal 80 of the error amplifier 10. The third 
transistor 20 is a POMS transistor. The load circuit 30 
consists of resistors Rl and R2 connected in series for di- 
viding the regulated output voltage and providing a feed- 
back voltage to the positive terminal of the error amplifier 
10. 

[0023] jo improve the transient response, the voltage regulator 



50, via the output terminal 40, is coupled to the first tran- 
sistor 60 and the second transistor 70, while the first 
transistor 60 is an NMOS transistor and the second tran- 
sistor 70 is a PMOS transistor. When the voltage at the 
output terminal 40 of the voltage regulator 50 is lower 
than the first bias VI of the first transistor 60, the gate- 
source of the first transistor 60 has a positive bias, and 
the drain-source will conduct so as to increase the voltage 
at the output terminal 40 and make the output voltage 
quickly stabilized. When the voltage at the output terminal 
40 of the voltage regulator 50 is higher than the second 
bias V2 of the second transistor 70, the gate-source of 
the second transistor 70 has a positive bias, and the 
drain-source will conduct so as to decrease the voltage at 
the output terminal 40 and make the output voltage 
quickly stabilized. 
[0024] a s mentioned above, the conducting of the first transistor 
or the second transistor trigers the increase or decrease 
of the output voltage Vout of the voltage regulator, and 
thus improve the transient response. In addition, because 
the reference voltage Vref has already treated through the 
voltage regulator 50, the bias range of the output voltage 
Vout would not be too high, and consequently the first 



bias VI and the second bias V2 can be defined in such 
values that the first transistor 60 and the second transis- 
tor 70 can be operated in a sub-threshold region. 
[0025] jo test the effectiveness of the circuit, as described in the 
following, a simulating load is used to compare the tran- 
sient responses at output terminals of a conventional 
voltage regulator and of a voltage regulator apparatus ac- 
cording to one preferred embodiment of the present in- 
vention. 

[0026] FIG. 4 schematically shows a waveform of electric current 
response of a simulating load. When a load is connected 
to a conventional voltage regulator or a voltage regulator 
apparatus according to one preferred embodiment of the 
invention, electric current at the terminal next to the load 
becomes stabilized after rising over a period T of 0.1 us, 

H 

and when the load is removed, the electric current reaches 
zero after discharging over a period T~ l of 0.1 us. 
[0027] FIG. 5 compares waveforms of transient responses of out- 
put voltage when the simulating load changes under the 
situations of using a conventional voltage regulator versus 
using a voltage regulator apparatus as in FIG. 4 according 
to a preferred embodiment of the present invention. As 
shown in FIG. 5, the curve 520 is an output voltage curve 



of a conventional voltage regulator, and the curve 510 is 
an output voltage curve of a voltage regulator apparatus 
according to a preferred embodiment of the present in- 
vention. When T = 150 us, the load is connected with the 
circuit, and current at the load will rise from 0 mA to 60 
mA, and at the meantime, the output voltage which was 
stabilized at 1.8 V will drop rapidly to about 1.2 V. Subse- 
quently, when T = 152 us, the voltage will rise back to 
and stabilized at a normal value. Observation of the shape 
changing of the two curves indicates that the fluctuation 
range of the output voltage curve 510 of the voltage reg- 
ulator apparatus of the present invention is significantly 
less that that of the output voltage curve 520 of the con- 
ventional voltage regulator. When T = 170 us, the load is 
removed and voltage will also fluctuate, however, obser- 
vation of the shape changing of the two curves indicates 
that the fluctuation range of the output voltage curve 510 
of the voltage regulator apparatus of the present inven- 
tion is again significantly less that that of the output volt- 
age curve 520 of the conventional voltage regulator. 
[0028] jo sum U p j the voltage regulator apparatus of the present 
invention provides two transistors coupled to the output 
terminal of a conventional voltage regulator so as to im- 



prove transient response of and increase stability of the 
output voltage, and to avoid the use of an external capac- 
itor. 

[0029] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



